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This report presents the results of field inspection and evaluation of the
Lost Creek Watershed Structure D-1 (MO 20731).

It was prepared under the National Program of Inspection of Non-Federal Dams.
This dam has been classified as unsafe, non-emergency by the St. Louis District
as a result of the application of the following criteria:

a. Spillway will not pass 50 percent of the Probable Maximum Flood
without overtopping the dam.

b. Overtopping of the dam could result in failure of the dam.

c. Dam failure significantly increases the hazard to loss of life
downstream.
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PREFACE

This report is prepared under guidance contained in Department of the Army,
Office of the Chief of Engineers, Recommended Guidelines For Safety Inspec-
tion Of Dams, for a Phase I investigation. The purpose of a Phase I investi-
gation is to identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general conditions of the dam
is based upon available data and visual inspections. Detailed investigation
and analyses involving topographic mapping, subsurface investigation, testing
and detailed computational evaluations are beyond the scope of a Phase I
investigation; however, the investigation is intended to identify any need
for such studies.

In reviewing this report, it should be realized that the reported condition
of the dam is based on observations of field conditions at the time of
inspection along with data available to the inspection team. Additional data
or data furnished containing incorrect information could alter the findings
of this report.

It is important to note that the condition of the dam depends on numerous and
constantly changing internal and external conditions and is evolutionary in
nature. It would be incorrect to assume that the present condition of the
dam will continue to represent the condition of the dam at some point in the
future. Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

a
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PHASE I INSPECTION REPORT
NATIONAL PROGRAM OF INSPECTION OF NON-FEDERAL DAMS

Name of Dam: Lost Creek Watershed Structure D-1
State Located: Missouri
Inventory Number: 20731
County Located: Newton County
Stream: McDougle Creek
Date of Inspection: 14 January 1981

BRIEF ASSESSMENT:

Lost Creek Watershed Structure D-1 was inspected by a team of engineers
from Crawford, Murphy & Tilly, Inc. of Springfield, Illinois and A & H
Engineering Corporation of Carbondale, Illinois. The purpose of this in-
spection was to make an assessment of the general condition of the dam with
respect to safety, based upon available data and visual inspection, in order
to determine if the dam poses hazards to human life or property.

The guidelines used in the assessment were furnished by the Department of
the Army, Office of the Chief of Engineers, and they have been developed with
the help of several Federal and State agencies, professional engineering
organizations, and private engineers.

Lost Creek Watershed Structure D-1 is an earthfill embankment completed
in 1980 across McDougle Creek. The dam is owned and operated by the Newton
County Soil and Water Conservation District and is located on private
property. The facilities are used for flood control.

Based on the guidelines, the St. Louis District, Corps of Engineers has
determined that this dam is in the high hazard potential classification,
which means that loss of life could occur if the dam fails. The estimated
damage zone extends approximately four miles downstream of the dam. Located
within this zone are four homes, outbuildings and Missouri Route Y. The dam
is in the small size classification due to its height of 34.7 feet and
maximum storage capacity of 697 acre-feet. Under the guidelines classifica-
tion, a small size dam has a height greater than 25 feet but less than 40
feet and/or a maximum storage capacity greater than 50 acre-feet but less
than 1000 acre-feet.

Our inspection and hydrologic and hydraulic analyses indicate that the
spillway capacity of the dam does not meet the criteria set forth in the
guidelines for a dam having the above size and hazard potential. The dam
will hold and pass approximately 34 percent of the Probable Maximum Flood
(PMF) without overtopping. The Probable Maximum Flood is defined as the
flood that may be expected from the most severe combination of critical



meteorologic and hydrologic conditions that are reasonably possible in the
region. The guidelines require that a dam of small size with a high down-
stream hazard potential pass 50 percent to 100 percent of the PMF. For the
purposes of this report, the Spillway Design Flood was selected to be 50
percent of the PMF due to the limited downstream flood hazard potential. The
1 percent probability flood (100-year frequency flood) will not overtop the
dam. The 1 percent probability flood is one that has a 1 percent chance of
being equalled or exceeded in any given year.

The overall condition of the dam appeared to be good although some de-
ficiencies were noted during the inspection. There is thin vegetal cover on
much of the upstream and downstream face of the dam and there are numerous
small gullies and wash areas. The riprap around the principal spillway
intake structure is on a very steep slope and could slide during wave action.

It is recommended that the owners take the necessary action without undue
delay to correct the deficiencies reported herein. A detailed discussion of
these deficiencies is included in the following report.

Russell Clairmont, P.E.
Crawford, Murphy & Tilly, Inc.

Robert Andrews, P.E.
A & H Engineering Corporation

Edward LaBelle, E.I.T.

Crawford, Murphy & Tilly, Inc.
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SECTION 1 - PROJECT INFORMATION

1.1 GENERAL:

A. Authority:

The National Dam Safety Inspection Act, Public Law 92-367, authorized
the Secretary of the Army, through the Corps of Engineers, to initiate a pro-
gram of safety inspection of dams throughout the United States. Pursuant to
the above, the St. Louis District, Corps of Engineers, District Engineer
directed that a safety inspection be made of Lost Creek Watershed Structure
D-I located in Newton County, Missouri.

B. Purpose of Inspection:

The purpose of the inspection was to make an assessment of the general
condition of the dam with respect to safety, based upon available data and a
visual inspection in order to determine if the dam poses hazards to human
life or property.

C. Evaluation Criteria:

Criteria used to evaluate the dam were furnished by the Department of
the Army, Office of the Chief of Engineers, Recommended Guidelines for Safety

Inspection of Dams. These guidelines were developed with the help of several
federal agencies and many state agencies, professional engineering organiza-
tions and private engineers.

1.2 DESCRIPTION OF PROJECT:

A. Description of Dam and Appurtenances:

Lost Creek Watershed Structure D-1 is an earthfill structure approxima-
tely 34.7 feet high and 745 feet long at the crest. The dam has a drop inlet
principal spillway with a drawdown device, and an emergency spillway which is
a trapezoidal channel cut into natural ground at the right abutment. In this
report right and left orientation are based on looking In the downstream
direction.

B. Location:

The dam is located in Newton County, Missouri, on McDougle Creek. The
longitude of the dam is 940 31.2' West and the latitude is 360 49.2'
North. The dam is located in Section 17 and Section 18 Township 24 North,
Ratge 33 West which is within the Seneca, Missouri-Oklahoma 7.5 minute quad-
rangle map. Included in Appendix A are a location map for the dam on Plate 1
and a vicinity map on Plate 2.

.. .. L _ _ . ... .__



C. Size Classification:

Lost Creek Watershed Structure D-1 has an embankment height of
approximately 34.7 feet and a maximum storage capacity of approximately 697
acre-feet. Therefore the dam is in the small size category.

D. Hazard Classification:

The St. Louis District, Corps of Engineers has classified this dam as a
potential high hazard dam. The estimated damage zone extends approximately
four miles downstream of the dam. Located within this zone are four homes,
several outbuildings and Missouri Route Y. The affected items within the
damage zone were verified by the inspection team.

E. Ownership:

The dam is owned and maintained by the Newton County Soil and Water Con-
servation District, Route 6, Box 28A, Neosho, Missouri 64850. The dam and
watershed are located on private property.

F. Purpose of Dam:

The dam was constructed for flood control purposes.

G. Design and Construction History:

Lost Creek Watershed Structure D-1 was designed by U. S. Department of
Agriculture, Soil Conservation Service. Soils reports and as-built plans are
available from the Soil Conservation Service office in Columbia, Missouri.
Construction of the dam and appurtenances was completed in August, 1980. The
contractor on the project was Fred Beachner. No modifications to the dam are
known to have been made.

H. Normal Operating Procedures:

Operating equipment at Lost Creek Watershed Structure D-1 includes an
adjustable slide gate on the principal spillway structure to drain the lake.
Maintenance of the dam is the responsibility of the Newton County Water and
Soil Conservation District. Due to the fact that the dam was recently
constructed and has never impounded any water, no maintenance of the
operating equipment has been required to date.

1.3 PERTINENT DATA:

A. Drainage Area (Acres): 1044

B. Discharge at Damsite (CFS):

Maximum known flood at damsite not known

Drawdown facility capacity at maximum pool 21

2



Principal spillway capacity at maximum pool 63

Emergency spillway capacity at maximum pool 1806

Total spillway capacity at maximum pool 1874

C. Elevation (Ft. Above MSL):

Top of dam 1088.8

Streambed at downstream toe of dam 1054.1

Normal pool Fluctuates with evaporation,
rainfall and seepage

Spillway crest 1065.5

Pool elevation during inspection 1/14/81 No water impounded by dam

Apparent high water mark None found

Maxim tailwater Not known

D. Reservoir Lengths (Feet):

At top of dam 2900

At spillway crest 1300

At emergency spillway crest 1800

E. Storage Capacities (Acre-Feet):

At top of dam 697

At spillway crest 53

At emergency spillway crest 460

At pool level during inspection 1/14/81 Not applicable

At elevation of apparent high water mark Not applicable

F. Reservoir Surface Areas (Acres):

At top of dam 48.6

At spillway crest 9.2
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At emergency spillway crest 37.0

At pool level during inspection 1/14/81 Not applicable

At elevation of apparent high water mark Not applicable

G. Dam:

Type Rolled earth

Length of crest (feet) 745

Height (feet) 34.7

Top width (feet) 14

Side slopes (Horiz.:Vert.) Upstream (above & below 2.5:1
berm - see cross section
of dam on sheet 3 of 18)

Downstream 2.5:1

Zoning 2 zones as shown on sheet 3
of 18 of Appendix A

Impervious core Impervious clay zone in
center of dam

Cutoff 12' wide core trench to
bedrock

Grout curtain None known

H. Diversion and Regulating Tunnel: None known

I. Spillway:

1.1 Principal Spillway:

Location Near center of the dam

Type Concrete drop inlet with
208 ft. of 24" R.C.P.
through dam

Crest elevation (feet above MSL) 1065.5

Effective length of weir (feet) 12

Other 12" slide gate for drawdown
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1.2 Emergency Spillway:

Location Immediately right of the
right abutment

Type Excavated trapezoidal grass-
lined earth channel

Bottom width at crest 40 feet

Channel U/S of control section Length not well-defined; 22%

slope

Control section Approx. 168' long 0% slope

Channel D/S of control section Approx. 150' long 8.3% slope

Side slopes Approx. 3:1

J. Regulating Outlets:

Location On principal spillway inlet
structure

Type 12" square opening with
slide gate

Crest elevation 1057.72

Access to closure At top of principal spillway
inlet structure

5
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

Information concerning the design of the dam was obtained from SCS
offices in Columbia, Missouri. The project was initially conceived as part
of the Lost Creek Watershed Protection and Flood Prevention Project by the
SCS. Geologic investigations, a soils report and stability analyses were
prepared in 1976 and 1977 by the SCS. Hydrologic and hydraulic design as
well as the construction drawings, were prepared in 1976-1978 also by the SCS
in cooperation with the Soil and Water Conservation District of Newton
County, Lost Creek Watershed Subdistrict, Newton County Court and the City of
Seneca.

A copy of the as-built drawings was obtained from the State SCS office
in Columbia, Missouri. The drawings include hydrologic and hydraulic design
data as well as the logs of soil borings in the emergency spillway, in the
borrow area upstream of the dam and in the natural ground along the center-
ines of the dam and principal spillway. Also available was a summary of
soils investigations and stability analyses performed by the SCS.

2.2 CONSTRUCTION:

Information concerning the construction of the dam was obtained from SCS
offices in Columbia, Missouri, and the Newton County Soil and Water Conserva-
tion District, Neosho, Missouri. The dam was constructed in 1979-1980 by
Fred Beachner. Materials testing and full-time construction inspection were
performed by SCS.

According to as-built drawings, a core trench with a bottom width of 12
feet and side slopes of IH to IV was excavated to sound limestone along the
entire length of the embankment and across the emergency spillway to the
adjacent hillside. During construction of the core trench in the area of the
emergency spillway a crevice in the bedrock formation was encountered and
filled with a high slump concrete (class 4000). Details of this change from
the original plans can be found in the as-built drawings.

The fill material for the dam was placed in 2 zones according to
as-built drawings. Zone 1, consisting of the more plastic fine grained soil
materials at the borrow source, were placed in the center of the dam to ele-
vation 1083.9 with a top width of 10 feet and side slopes of O.5H to IV.
Zone 2, consisting of the coarser grained gravels with the least fines were
placed in the exterior of the fill.

Records of materials testing and construction inspection were not
available, but according to SCS, they are stored in the national archives.
Selected sheets of the as-built construction drawings are reproduced in
Appendix A.

6
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2.3 OPERATION:

The only operating facility at the dam is a 12" x 12" slide gate located
on the principal spillway structure which regulates the drawdown of the lake.

2.4 EVALUATION:

A. Availability:

Design reports and as-built plans for the project are available and in-
clude a geologic study, slope stability analysis, and hydrologic and
hydraulic information.

B. Adequacy:

The information presented in the reports and on the as-built plans, in
combination with the field survey and visual inspection, is considered
adequate to support the conclusions of this report.

C. Validity:

The original design of the structure and appurtenant works appears
valid. The soil sample taken during the field inspection and the hydrologic
analysis made of the structure for this report, closely correspond with
information found in the original design analysis.

7e



SECTION 3- VISUAL INSPECTION

3.1 FINDINGS:

A. General:

The field inspection was made on 14 January 1981. The inspection team
consisted of personnel from Crawford, Murphy & Tilly, Inc. of Springfield,
Illinois, and from A & H Engineering Corporation of Carbondale, Illinois.
The members were:

Russell Clairmont, P.E. - Crawford, Murphy & Tilly, Inc.
Robert Andrews, P.E. - A & H Engineering Corporation
Edward LaBelle, E.I.T. - Crawford, Murphy & Tilly, Inc.

The field inspection included the determination of dimensions and
elevations of the dam and appurtenances to verify dimensions and elevations
found on the as-built drawings available for the dam. For this report all
elevations were obtained by using a benchmark from the as-built plans. The
benchmark is designated as No. I and is a bronze plate set in concrete at
station 0+00 of the original centerline of the dam. The elevation of the
benchmark is 1102.73 feet. A visual inspection of the dam, spillway,
drainage area, and downstream channel was performed and photographs were
taken of each of them.

No one accompanied the inspection team during the inspection. Mr.
Warren George, the District Conservationist for the local SCS Field Office,
supplied information concerning the dam prior to the inspection trip.

Maps and general drawings of the dam and appurtenances are presented on
Plates I through 3 and on the as-built drawings included in Appendix A and a
hydrologic and hydraulic analysis is presented in Appendix B. Photographs of
the dam and appurtenances are presented in Appendix C.

B. Regional and Project Geology:

The major structural features in Missouri consist of the Ozark uplift,
subsequent basins and numerous glacial features including the major river
systems (Mississippi and Missouri).

The general subsurface geology in Newton County consists of Precambrian
overlain by Paleozoic formations. The Mesozoic Era is locally absent through
most of this area and the Cenozoic Era is represented usually in surface
deposits.

The Paleozoic rock formations encountere6 in the subsurface in Newton
County consist of Cambrian, Ordovician, Silutian-Devonian, and Mississippian
aged rocks. The structural attitude of these Paleozoic rocks is controlled
principally by the shape of the Ozark uplift. The apex of this uplift is

8



centered in the St. Francois Mountains of southeast Missouri and the Arkoma
basin dips away from the apex through Southern Missouri. The boundary
between the Devonian and Mississippian aged formations In Missouri is not
firmly established. However, all four major series of the Mississippian
system are represented in Newton County. (Kinderhookian, Osagean,
Meramecian, and Chesterian).

The probable extent of all four major glacial periods stopped far short
of Newton County. However, these deposits of loess are found in some areas
of the county (the probable limit of loess deposits occurs along the southern
boundary of Newton County).

The soil cover at the dam site consists of a 1 to 4 foot layer of
loess. The Cenozoic loess deposits are usually comprised of Illinoian
(Loveland) loess or the Wisconsinan (Peoria or Bignell) loess. The under-
lying soils were exposed on the slopes of the discharge channel and consist
of a cherty residium. These deposits are comprised of a slightly gravelly
silt (ML), gravelly to very gravelly silty clay (CL to GM) and a cherty red

clay (CL). The thickness of this deposit ranges from 6 to 24 feet.

Bedrock outcrops were not observed during our field inspection.
However, the subsurface exploration performed by the Soil Conservation
Service encountered a cherty limestone bedrock below the cherty residium.
The cherty limestone is believed to be the Warsaw formation of the Meramecian
series of the Mississippian system. This formation is a very fossiliferous
limestone, with chert as beds and nodules.

The dam site is located in Seismic Zone 1 as shown on the Seismic Zone
Map in the inspection guidelines.

C. Dam:

Lost Creek Watershed Structure D-1 is a zoned earthfill dam with a
height of approximately 34.7 feet and a length at the crest of approximately
745 feet. The principal spillway includes a drop-inlet type intake
structure, a 24 inch diameter conduit through the dam, and a plunge pool.
The emergency spillway consists of a trapezoidal channel cut into natural
ground just right of the right abutment. There is a riprap berm around the
spillway intake structure for wave erosion protection and there are abutment
drains in both abutments.

Measurements made during the field inspection generally agree with those
shown on the as-built drawings. Elevations at the site were checked by using
a benchmark from the as-built drawings. All elevations taken during the in-
spection were approximately 0.5 feet lower than those shown on the as-built
drawings. The discrepancy between these different elevations was not de-
termined, but for this report, those elevations obtained during the field
inspection were used.

9



Both the vertical and horizontal alignment of the crest of the dam
appeared fairly uniform. The crest has a thin stand of grass cover which was
planted in August 1980.

The horizontal alignment of the crest is straight from the right abut-
ment to approximately the mid-point of the embankment where it curves
upstream to the left abutment. According to the preliminary engineer's
report, this curved alignment was choosen to avoid the voids and honeycomb
porosity encountered on the left abutment of the original alignment. The
crest has a width of approximately 14 feet. The elevation of the center-
line of the crest of the dam varies from 1088.8 to 1089.2. The profile of
the crest of the dam is shown on Exhibit 3 of Appendix B.

The upstream face of the dam has a slope of 2.5 horizontal to 1 vertical
above the 10 foot wide berm and a slope of 2.5 horizontal to 1 vertical below
the berm. The downstream face of the dam has a slope of 2.5 horizontal to I
vertical with no berm. Measurements during the field inspection indicated
the dam slopes varied in the range of 2.5 horizontal to 1 vertical, to 2.7
horizontal to 1 vertical. Both the upstream and downstream face of the dam
have a thin vegative cover of grass. A typical cross section of the dam can
be seen on Sheet 3 of 18 of Appendix A.

Surface erosion of the embankment has occurred in isolated areas on both
the upstream and downstream slopes of the dam and along both abutments due to
the thin grass cover. Most surface erosion extends to a depth of 3 to 4
inches with some gullies along the abutments 6 to 12 inches deep. According
to the owner, the dam was completed during the summer of 1980 and had not had
a chance to establish good ground cover prior to the inspection trip. Photo-
graph 5 shows a close-up view of the eroded areas along the downstream face
of the dam. No sloughing has occurred on the upstream or downstream slopes.
No surface cracks or unusual movement or cracking at or beyond the toe of the
dam was noticed. No evidence was found of animal holes or burrows on the
embankment. There was no apparent evidence of seepage from the dam. During
the inspection, there was no water impounded by the dam and according to the
owners, this has been the situation since construction.

According to the plans, there are rock fill gutter drains along both
downstream abutments. These drains outlet into riprap berms near the toe of
the dam at the right and left abutment. There were no signs of seepage from
either rock filled drain. Sheet 5 of 18 of Appendix A shows the location of
the drains. Photographs 6 and 7 show close-up views of the outlet riprap
berms at the right and left abutments.

A shallow soil sample was obtained from the embankment near the center
of the dam on the downstream slope. The sample was classified as a light
brown silty clay with sand and gravel (CL).
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D. Appurtenant Structures:

D.1 Principal Spillway:

The principal spillway is located near the center of the dam and
consists of a drop-inlet type intake structure and a conduit through the
dam. The rectangular concrete intake structure has 10" thick walls and
inside dimensions of 2 feet by 6 feet by 12 feet high from the top of the
structure to the invert. There are two high stage rounded overflow weirs
located on either side of the structure with a total effective length of 12
feet and an elevation of 1065.5. The high stage overflow is protected from
the entrance of large debris by structural aluminum alloy trash rack bars
spaced 1'-3" apart. The spillway inlet structure also includes a 12" low
stage discharge opening set at an elevation of 1057.72 or l'-3" above the
invert of the structure. Flow through the low stage or drawdown opening is
controlled by a manually operated slide gate. The intake structure appeared
to be in excellent condition because no major settlement, cracking or de-
terioration of the concrete was noted. At the time of the inspection, there
was no water in or around the structure. In order to protect the embankment
around the intake structure from wave action there is a riprap berm
constructed in the area. The upstream face of the riprap was on a steep
slope of approximately 1 horizontal to 1 vertical and could slide during wave
action. The intake structure can be seen in Photographs 8 and 12.

The outlet conduit through the dam consists of 208 feet of 24" diameter
reinforced concrete pipe set on a slope of approximately 1% according to the
plans. There are four anti-seep collars around the conduit which are 24 feet
apart beginning 66 feet from the intake structure. The end section at the
discharge end of the conduit is cantilevered over the stilling pool and
discharges into an excavated riprap lined stilling pool just beyond the toe
of the dam. The horizontal alignment of the outlet conduit was uniform as
viewed from the downstream end. The conduit appeared to have a slight
vertical camber as called for in the plans and was in good condition with no
signs of seepage or deterioration.

The stilling pool into which the pipe discharges is approximately 35
feet long and is riprap lined. There was no evidence of erosion or sloughing
of the riprap basin. Photograph 9 shows a view of the outlet conduit and
stilling basin.

D.2 Emergency Spillway:

The emergency spillway is a trapezoidal channel excavated in natural
ground right of the right abutment. The crest is a grass lined level channel
168 feet long and 40 feet wide at an elevation of 1083.4 feet. Side slopes
of the spillway are on a slope of 3H:IV. The short approach channel has a
22.0 percent slope. The discharge channel has an average slope of 8.3
percent and is approximately 150 feet long from the end of the crest to the
flood plain of the downstream channel. The left bank of the discharge
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channel is an earthfill berm with 3H:lV side slopes. The berm is intended to
direct emergency spillway flow away from the downstream toe of the dam. Plan
and profile views of the emergency spillway are provided on Sheet 3 of 18 of
Appendix A and Exhibit 4 of Appendix B. A cross section of the emergency
spillway is shown on Exhibit 5 of Appendix A. The emergency spillway is also
shown in Photographs 1, 10 and 11.

The emergency spillway generally has a thin but adequate stand of
grass. Erosion was noted upstream of the spillway crest and at the down-
stream end of the discharge channel.

E. Reservoir and Watershed:

The reservoir area for Lost Creek Watershed Structure D-1 was dry at the
time of the inspection with the exception of a small pond in the area of the
borrow pit as shown in Photograph 12. According to Mr. Warren George of the
Newton County Soil and Water Conservation District, the dam was built to
contain flood water and would remain dry most of the time. The watershed for
the dam contains the proposed flood storage area, open grassland and some
heavily forested areas. Approximately 20% of the watershed and flood storage
area is heavily forested terrain with the remaining area consisting of open
area ranging from short grass to tall prairie grass. Slopes throughout the
watershed range from 3% to 7%. A typical view of the watershed is given in
Photographs 12 and 13.

About 75% of the watershed has soil belonging to the Clarksville-Nixa
Association and 25% belonging to the Tonti-Nixa Association. Both soils
groups are in hydrologic Group B as defined by SCS. Sedimentation of the
reservoir has not yet occurred.

F. Downstream Channel:

The channel just downstream of the spillway discharge channel is a
trapezoidal ditch with some brush and trees approximately 200 feet downstream
of the plunge pool. Slopes of the channel, referred to as McDougle Creek,
are generally very flat. The flood plain is wide and clear below the dam
with the exception of a few trees. Approximately 1000 feet downstream of the
dam, McDougle Creek crosses under Missouri Route Y. Photographs 14 and 15
show the downstream channel and flood plain.

3.2 EVALUATION:

A number of deficiencies exist which should be corrected. These items
include thin grass cover and erosion gullies on the upstream and downstream
slopes of the dam and on the downstream channel and approach area of the

emergency spillway. A better vegetal cover should be started after the
erosion gullies have been repaired.
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The riprap protection around the principal spillway structure is on a
very steep slope (1:1) and the riprap could be dislodged by wave action.
Remedial action to improve this situation would include flattening the slopes
of the riprap.

The capacity of the spillways should be increased as discussed in
Section 5.

13



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

The operating equipment at Lost Creek Watershed Structure D-1 consists
of an adjustable slide gate mounted on the principal spillway outlet
structure which controls flow through the 12" diameter drawdown pipe. The
pool level of the reservoir is controlled by rainfall, runoff, evaporation,
capacity and operation of the drawdown facilities and the capacity of the
uncontrolled concrete inlet structure.

4.2 MAINTENANCE OF DAM:

Maintenance of the dam is the responsibility of the Newton County Soil
and Water Conservation District. Information obtained from Mr. Warren George
of the District indicates that no maintenance program has been set up at this
time at Lost Creek Watershed Structure D-1 due to the fact that the dam was
just completed in August 1980. It is a normal procedure for the Newton
County Soil and Water Conservation District and SCS to inspect the dams con-
trolled by the District every spring.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The maintenance of the operating facilities of the dam is the responsi-
bility of the Newton" County Soil and Water Conservation District. No main-
tenance has been required on the facilities since they were built in August
1980.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT:

No warning system is known to exist.

4.5 EVALUATION:

A maintenance program for the dam and operating facilities should be set
up in the near future. Erosion gullies on the dam should be repaired and
reseeded.

14



SECTION 5- HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES:

A. Design Data:

Information on hydraulic and hydrologic design data is available in the
as-built drawings for Lost Creek Watershed Structure D-i which were obtained
from the State SCS office in Columbia, Missouri. The information includes
watershed data; reservoir elevation-area-capacity relations; principal and
emergency spillway design data; and freeboard hydrograph information.

The significant dimensions of the dam and reservoir were measured or
surveyed during the inspection and compared with those found in the as-built
drawings and from available topographic mapping. The maps used in the
analysis are the 7.5 minute U.S. Geological Survey quadrangle sheets for
Seneca, Missouri-Oklahoma and Neosho West, Missouri. Soil information is
available from a report from SCS completed during design of the dam.

B. Experience Data:

No recorded rainfall, runoff, discharge, or reservoir stage data were
available for the lake and wa.-rshed. Information received from the Newton
County Soil and Water Conservation District indicated that there has never
been outflow from the lake through the spillway since completion in August
-_980.

C. Visual Observations:

A description of the watershed and reservoir is given in Paragraph 3.E
and a description of the spillways is given in Paragraphs 3.D1 and 3.1D2.
The lake level has apparently been controlled in the past by rainfall,
runoff, evaporation, and seepage of the lake water into the ground. During
the inspection trip a small amount of water was stored in the original borrow
area as seen in Photograph 12.

A description of the downstream channel is given in Paragraph 3.1F. The
downstream hazard zone extends approximately 4 miles downstream from the dam
and includes 4 homes, outbuildings and Missouri Route Y.

D. Overtopping Potential:

Based on the hydrologic and hydraulic analysis presented in Appendix B,
the dam and spillway have the capacity to store and pass approximately 34% of
the Probable Maximum Flood (PMF) without being overtopped. The Probable
Maximum Flood is defined as the flood c ischarge that may be expected from the
most severe combination of critical mezeorologic and hydrologic conditions
that are reasonably possible in a region. The recommended guidelines from
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the Department of the Army, Office of the Chief of Engineers, require that
this dam, which is in the small size category with a high downstram hazard
potential classification, pass 50% to 100% of the PMF without overtopping.
For the purposes of this report, the Spillway Design Flood was selected to be
50% of the PMF due to the limited downstream flood hazard potential. Thus
the spillway capacity of this dam is considered inadequate. The dam and
spillway will hold and pass a 1% probability (100-year frequency) flood with-
out overtopping the dam.

Data for the 34%, 50% and 100% PMF are presented in the table below:

Starting Peak Maximum Maximum
Pool Inflow Pool Depth Peak Overtopping

Percent Elevation To Lake Elevation Over Dam Discharge Duration
PHF (MSL) (cfs) (MSL) (feet) (cfs) (hour)

34% 1065.50 4070 1088.76 0 1843 0

50% 1065.50 5985 1090.09 1.29 5405 2.60

100% 1065.50 11970 1091.22 2.42 11476 5.40

The starting pool elevations shown were found by assuming the lake level
was at the principal spillway crest elevation and then applying an appro-
priate antecedent storm to the watershed 4 days prior to the storm being
analyzed. The antecedent storm for the analysis of the PMF ratio storms is a
storm half the magnitude of the storm being analyzed.

All of the inflow to the lake from the antecedent storms passes through
the spillways and therefore results in a starting elevation at the principal
spillway crest for the analysis of the 34%, 50% and 100% PMF.

Lost Creek Watershed Structure D-1 will be overtopped by flood flows of
less magnitude than the Spillway Design Flood. .Overtopping of the dam could
cause serious erosion and lead to failure of the structure. Flood discharges
resulting in overtopping and failure of the dam could be expected to produce
substantial stage rises in the hazard zone. Overtopping would lead to
potential loss of life and potential damage to property.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

A. Visual Observations:

Observed features which could adversely affect the structural stability
of this dam are discussed in Section 3 of this inspection report.

B. Design and Construction Data:

There is on file with the U.S. Department of Agriculture, Soil
Conservation Service a summary report of soils recommendations and a slope
stability analysis that was prepared for the design of this dam. There is
also on file as-built plans which include geologic cross sections data of the
stream channel, borrow area, and centerline of dam.

The slope stability analysis includes analysis of the upstream slope
under drawdown conditions and of the downstream slope under steady state
seepage for reservoir levels at the principal and emergency spillway crests.
Earthquake loading on the dam was not included in the stability analysis.
Based on the Recormended Guidelines for Safety Inspection of Dams, there
appears to have been adequate stability investigation for the design of this
dam. It is noted that the guidelines do not recommend seismic analysis for
this dam since it is located in Seismic Zone 1.

C. Operating Records:

No operating records have been obtained.

D. Post-Construction Changes:

No significant post-construction changes were observed or known.

E. Seismic Stability:

This dam is located in Seismic Zone 1, as shown on Plate 3 of Appendix
A. In general, it is anticipated that an earthquake of this magnitude would
not cause severe structural damage to a well constructed earth dam of this
size.

17



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT:

A. Safety:

A few items are deficient which should be corrected. These items are:
(1) thin vegetal cover and erosion gullies on the upstream and downstream
faces of the dam; (2) erosion gullies in the approach area and discharge
channel of the emergency spillway; (3) steep slope of riprap protection
around the spillway inlet structure.

The dam will be overtopped by flows in excess of approximately 34% of
the Probable Maximum Flood. Overtopping of an earthen embankment could cause
serious erosion and could possible lead to failure of the structure.

B. Adequacy of Information:

The conclusions in this report were based on data from available design
and soils reports, as-built drawings and mapping, visual observation of ex-
ternal conditions and performance history as related by others. The
inspection team considers that these sources of information are sufficient to
support the conclusions herein.

C. Urgency:

The remedial measures recommended in Paragraph 7.2 should be accom-
plished in the near future. If good maintenance is not provided, the embank-
ment condition will deteriorate and possibly could become serious in the
future. The deficiencies concerning the spillway capacity should be given a
high priority.

D. Necessity for Additional Inspection:

Based on the results of the Phase I inspection, additional periodic in-
spections are recommended. However, no Phase II inspection is required.

7.2 REMEDIAL MEASURES:

The following remedial measures and maintenance procedures are
recommended. All remedial measures should be performed under the guidance of
a professional engineer experienced in the design and construction of dams.

A. Recommendations:

1. The hydraulic capacity of this dam should be increased to safely
hold and/or pass the recommended Spillway Design Flood which is 50
percent of the PMF. This is normally accomplished by one or more of
the following alternative measures:

18



(a) Construction of additional spillway capacity.

(b) Provision for additional flood storage by increasing the height
of the dam.

B. Operation and Maintenance Procedures:

1. Erosion gullies on the dam and emergency spillway channels should be
repaired and reseeded.

2. A program should be set up to maintain the embankment an4
appurtenant structures.

3. The dam should be periodically inspected by an experienced engineer
and records kept of these inspections and maintenance efforts.

4. The dam should be monitored for further erosion in the future and
repaired as necessary.

5. The slope of the riprap around the intake structure should be
flattened to improve the stability of the riprap.
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APPENDIX B

HYDROLOGIC AND HYDRAULIC ANALYSIS

A. PURPOSE:

The purpose of this Appendix is to present the methodology used and the
results of the hydrologic and hydraulic analysis. The analysis was done
according to criteria presented in the Recommended Guidelines for Safety
Inspection of Dams and in the St. Louis District Hydrologic/Hydraulic Stan-
dards for Phase I Safety Inspection of Non-federal Dams dated 22 August 1980.
The purpose of the analysis is to determine the overtopping potential for
Lost Creek Watershed Structure D-1.

B. HYDROLOGIC AND HYDRAULIC ANALYSIS:

The hydrologic analysis used in development of the overtopping potential
is based on applying a hypothetical storm to a unit hydrograph to obtain the
inflow hydrograph for a reservoir routing. The unit hydrograph was deter-
mined by using the time of concentration given on the "as-built" drawings and
applying the Soil Conservation Service formulas found in Design of Small Dams
to determine the SCS lag time which was input to the HEC-l computer program.
A check of the time of concentration was done using data obtained from the
field inspection and from the U. S. Geological Survey 7.5 minute quadrangle
maps for Seneca, Missouri-Oklahoma dated 1949 and photorevised 1978, and for
Neosho West, Missouri, dated 1972. The check showed that the time of concen-
tration shown on the "as-built" drawings was adequate. The parameters used
in the development of the unit hydrograph are presented in Table 1 along with
the unit hydrograph values computed by the HEC-l computer program.

TABLE 1

UNIT HYDROGRAPH PARAMETERS

Drainage Area (A) 1.63 sq. miles
Time of Concentration (Tc) -

from "as-built" drawings 0.9 hours
Lag Time (Lg) 0.54 hours
Duration (D) 0.20 hours

(SCS formula used: Lg - 0.6 Tc)
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Unit Hydrograph from the HEC-1 Computer Output

Time (Hours) Discharge (cfs)

0 0
0.2 253
0.4 862
0.6 1224
0.8 1102
1.0 745
1.2 425
1.4 261
1.6 156
1.8 93
2.0 56
2.2 34
2.4 20
2.6 13
2.8 8
3.0 4

The hypothetical storm that is applied to the unit hydrograph is the
Probable Maximum Precipitation (PMP). It is derived and determined from

regional charts prepared by the National Weather Service in "Hydrometeoro-
logical Report No. 33." No reduction factors have been applied to the PMP.
A 1 percent probability storm was also analyzed. A 48-hour storm duration is
assumed with total depth distributed over 6-hour periods in accordance with
procedures outlined in EM 1110-2-1411 (SPF determination). The maximum
6-hour rainfall period is then distributed to hourly increments by the same
criteria. Within-the-hour distribution is based upon NOAA Technical Memo-
randum NWS HYDRO-35. The non-peak 6-hour rainfall periods are distributed
uniformly. All distributed values are arranged in a critical sequence by the
SPF. The final inflow hydrograph is produced by deduction of infiltration
losses appropriate to the soil, land use, and antecedent moisture conditions.

A Soil Conservation Service curve number of 71 for Antecedent Moisture
Condition II (AMC II) was used for the design of the dam. A check of the
curve number revealed that it was applicable. The use of AMC III results in
a curve number of 88 which was used for the analysis of the PMP percentage
storms. The rainfall-runoff parameters are presented in Table 2.

TABLE 2

RAINFALL-RUNOFF PARAMETERS

Selected Storm Event Storm Duration Rainfall Runoff Losses
(hours) (inches) (inches) (inches)

PMP 48 38.73 37.20 1.53

Additional Data: I) Percentage of Drainage Basin Impervious - 4 percent.
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The reservoir routing is accomplished by using the Modified Puls routing
technique in which the flood hydrograph is routed through lake storage. The
hydraulic capacity of the spillways and the crest of the dam are used as
outlet controls in the routing. Storage in the pool area is defined by an
elevation-storage capacity curve. The elevation-storage capacity curve
determined during the design of the dam was used for this analysis. The
hydraulic capacity of the spillway and top of the dam are defined by
elevation-discharge curves.

For the overtopping analysis the top of the dam is the lower of the
following elevations: (1) The minimum elevation of embankment as determined
by simple field surveys. (2) The lake elevation at which corresponding out-
flow velocities, as determined from simple hydraulic formula, exceed the
suggested maximum permissible mean channel velocities. The top of the dam
was determined to be 1088.8 which is the minimum elevation of the embankment.
Outflow velocities in the emergency spillway when the lake is at this ele-
vation are at or below the suggested maximum permissible mean channel
velocities for grass-lined channels with silt clay soil. Therefore only
minor erosion of the emergency spillway channel is expected by flows when the
lake level is at or below the top of the dam.

The elevation-discharge capacity curve for the top of the dam was
developed using the non-level crest option of the HEC-1 computer program.
The program assumes critical flow over a broad-crested weir. A profile of
the dam crest is given on Exhibit 3.

The hydraulic capacity of the principal spillway was determined using
formulas for weir control and pipe control. The hydraulic capacity of the
emergency spillway was determined using methods found in the U. S. Department
of Agriculture Soil Conservation Service Technical Release No. 2, Earth
Spillways, dated October 1, 1956. The profile of the spillway flow line and
cross sections of the emergency spillway channel were used in this determina-
tion and they are shown on Exhibits 4 and 5. The elevation-spillway capacity
input to the computer is shown in Table 3.

TABLE 3

LAKE ELEVATION VS. SPILLWAY CAPACITY

Values Input To The HEC-1 Computer Program

Lake Elevation Spillway Capacity
(MSL) (cfs)

1065.5 0
1066.0 13.2 Principal spillway
1066.5 37.2 flow, weir control
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TABLE 3

LAKE ELEVATION VS. SPILLWAY CAPACITY

Values Input To The HEC-l Computer Program

Continued

Lake Elevation Spillway Capacity
(MSL) (cfs)

1067.0 39.9
1068.0 41.6
1070.0 44.9
1074.0 50.7 Principal spillway
1078.0 55.9 flow, pipe control
1082.0 60.6
1083.4 62.2

1084.4 117
1085.4 291
1086.4 595
1087.4 1043 Principal spillway
1088.4 1595 flow, pipe control
1089.4 2292 plus emergency
1090.4 3080 spillway flow

The dam overtopping analysis has been conducted by hydrologic methods for
this dam and lake. This analysis determines the percentage of the PMF hydro-
graph that the reservoir can contain without the dam being effectively
overtopped. According to Hydrologic/Hydraulic Standards developed by the
Corps of Engineers, St. Louis District, an antecedent storm should be applied
to the watershed before analysis of the PMF. The antecedent storm precedes
the storm being analyzed by 4 days and the starting elevation at the
beginning of the antecedent storm is the mean annual high water mark. Since
this lake has not yet been filled, the principal spillway crest elevation was
taken as the starting elevation at the beginning of the antecedent storm.
The antecedent storm for the analysis of the PMF ratio storms is a storm half
the magnitude of the storm being analyzed. All antecedent storms will pass
through the spillways and the lake will return to within 0.5 feet of the
elevation of the principal spillway crest. Therefore the principal spillway
crest elevation was used as the starting elevation for the analysis of the
PMF ratio storms.

The above methodology has beea accomplished for this report using the
systematized computer program HEC-1 (Dam Safety Version), July 1978, prepared
by the Hydrologic Engineering Center, U. S. Army Corps of Engineers, Davis,
California. The numeric parameters estimated for this site and input to the
program are listed on Exhibit 6, Definitions of these variables are contained
in the "User's Manual" for the computer program.
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The computer printout of the inflow to the lake and the outflow from the
lake for the 34Z PMF, 50% PMF, and 100 PMF are presented on Exhibits 7, 8
and 9 respectively. The computer printout summary table for the overtopping
analysis is presented on Exhibit 10.

C. REFERENCES:

a. Design of Small Dams, United States Department of the Interior,
Bureau of Reclamation, Second Edition, 1973.

b. Earth Spillways, Technical Release No. 2, Soil Conservation
Service, United States Department of Agriculture, Engineering
Division, October, 1956.

c. Flood Rydrograph Package (HEC-1), Users Manual for Dam Safety
Investigations, The Hydrologic Engineering Center, U. S. Army
Corps of Engineers, Davis, California; September, 1978.

d. Riedel, J. T., Appleby, J. F., and Schloemer, R. W., Seasonal
Variation of the Probable Maximum Precipitation East of the 105th
Meridian for Areas from 10 to 1000 Square Miles and Durations of
6, 12, 24 and 48 Hours, Hydrometeorological Report No. 33, U. S.
Department of Commerce, Weather Bureau, April 1956.
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4S. 46. 46. 47. 47. 48. 48. 48. 48. 49.
49. 49. 49. 49. 49. 49. 49. 49. 49. 49.
49.. 49. 49. 49. 49. 49. 49. 49. 49. 49.
49. 49. 49. 49. 49. 49. 49. 49. 49. 49.
49. 49. 49. 49. 49. 49. 49. 49. SO. SO.
SO. 90. 50. SO. 51. St. 91. S1. S1. S1.
91. s. So. 92. 52. 92. S9. Se. Se. 92.
.3. 93. 93. S3. S. S4. SS. SS. S6. 6.
S7. 97. So. 9e. 59. 59. 60. 60. 61. 61.
62. Ga. 7S. 9S. 112. Ise. 06. 247. 892. 331.

3W.. 460. S66. M96. 983. 1243. ISIS. 1811. 2176. 2794.
3218. 462. 3686. 3909. 4093. 4239. 4909. 9467. 7689. 10447.

11476. 10384. 3s. 6936. 9904. S22?. 46S. 4849. 3913. 3669.
34S4. 3112. 2600. 2124. low. 1716. 1S74. 1467. 1368. 1276.
11 0. 1110. 1036. 9"9. 923. 870. 819. 771. 725. 681.
639. 600. S72. S47. S2. 499. 470. 4S9. 442. 427.

U.S. ARMY ENGINEER DISTRICT, ST. LOUIS, INFLOW & OUTFLOW, 100% PMFcoIPS OF EmNEERS LOST CREEK WATERSHED
NATIONAL OAM SAFETY PROGRAM STRUCTURE D1 M020731

EXHBIT 9
b+ L --A



- -j

Co In ... .. .

P - Ig

!! At

- .:.

- -I

*R .~ - EXHOT 10c



PHASE I INSPECTION REPORT

APPENDIX C

PHOTOGRAPHS

- --.



11
w

03:z

00

wr

Q:) 00

4 La
<J m

-J 0

00

ILI

00

00I CL

C-'u-

cLU-

5LL

zz

0 = CC

w 2w

0.0

a: 'bi

LL
a. I.-

CL 0.k~

CcL



TI

Photograph 2. Crest of dam viewed from right abutment.

Photograph 3. Upstream slope of dam viewed from right

abutment.



Photograph 4. Downstream slope of dam viewed from outlet

of emergency spillway channel near right dam
abutment.

Photograph 5. Downstream slope of dam showing a close-up

view of surface erosion.



Photograph 6. View showing rock rip-rap at base of left

abutment on downstream slope.

Photograph 7. View showing rock rip-rap at base of right

abutment on downstream slope.



Photograph 8. Principal spillway inlet structure with rip-rap

slope protection.

Photograph 9. Downstream end of principal spillway outlet

conduit and rock lined plunge pool.

p .



Photograph 10. View of crest of emergency spillway looking

downstream from approach channel.

Photograph 11. View of emergency spillway discharge channel

looking downstream.



Photograph 12. Reservoir area and borrow pit area as viewed

from crest of dam.

Photograph 13. Typical view of watershed area showing mostly

open fields. Missouri Route 60 is in the

background.



Photograph 14. View of downstream channel immediately

downstream of plunge pool.

Photograph 15. Downstream flood plain as viewed from
crest of dam.



An


